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Description the depletion layer under the photo gate 2 and holes are 

ejected through the p-type well 17. 

[0001] The invention relates to an image pickup ap- [0006] Since an energy barrier by the transfer MOS 

paratus for obtaining an image signal and, more partic- transistor 3 is formed among the photoelectric convert- 

ularly, to a solid state image pickup apparatus of an am- s jng unit 1, p-type well 17, and FD portion 21, the elec- 

plifying type of a CMOS process compatible XY address trons exist under the photo gate 2 during the accumula- 

type. tion of the photo charges (Fig. 11C). When the appara¬ 

tus enters a reading mode, the control pulse <|>PG and a 
Related Background Art control pulse <>TX are set so as to eliminate the barrier 

io under the transfer MOS transistor 3 and to completely 
[0002] Hitherto, a solid state image pickup device has transfer the electrons under the photo gate 2 to the FD 

an MOS structure which can perform a photoelectric portion 21 (Fig. 11D). Since the complete transfer is ex¬ 

conversion comprising a metal, an oxide, and a semi- ecuted, an after-image and noises are not generated in 
conductor and is mainly classified into an FET type and the photoelectric converting unit 1. When the electrons 

a CCD type in accordance with a moving system of a is are transferred to the FD portion 21, an electric potential 
light carrier. The solid state image pickup device is used of the FD portion 21 changes in accordance with the 

in variousfieldssuchassolarcell, imaging camera, cop- number of electrons. By outputting a potential change 

ying machine, facsimile, and the like and properties to the external horizontal selection switch MOS transis- 

such as conversion efficiency and integration density tor 6 through a source of the source-follower amplifier 

have been improved. As one of such amplifying type sol- 20 MOS transistor 5 by the source-follower operation, pho- 

id state image pickup apparatuses, there is a sensor of toelectric converting characteristics of a good linearity 

a CMOS process compatible type (hereinafter, abbrevi- can be obtained. Although kTC noises by resetting are 

ated as a CMOS sensor). Such a type of sensor has generated in the FD portion 21, they can be eliminated 
been published in a literature such as "IEEE Transac- by sampling and accumulating a dark output before the 
tions on Electron Device", Vol. 41, pp 452-453, 1994, or 25 transfer of light carriers and by obtaining a difference 
the like. Fig. 11B shows a circuit constructional diagram between the dark output and the light output. The CMOS 

of a CMOS sensor. Fig. 11A shows a cross sectional sensor is, therefore, characterised by low noise and a 

view thereof. Fig. 11C shows a state diagram of charges high S/N signal, since complete non-destructive reading 

during the accumulation of photons hv of a photoelectric is performed, multi-functions can be realised. Further, 

converting unit. Fig. 11D shows a state diagram of 30 there are also advantages such that a high yield due to 

charges after the photons hv were accumulated. an XY address system and a low electric power con- 

[0003] In Figs. 11A and 11B, reference numeral 1 de- sumption are obtained. 

notes a photoelectric converting unit; 2 an MOS photo [0007] The above conventional apparatus, however, 

gate; 3 a transfer switch MOS transistor; 4 an MOS tran- has drawbacks such that since one photo gate, four 
sistor for resetting; 5 a source-follower amplifier MOS 35 MOS transistors, and four horizontal driving lines exist 
transistor; 6 a horizontal selection switch MOS transis- for each pixel, as compared with the sensor of the CCD 

tor; 7 a source-follower load MOS transistor; 8 a dark type, it is difficult to increase the density of pixels and 

output transfer MOS transistor; 9 a light output transfer the numerical aperture also is decreased. 

MOS transistor; 10 a dark output accumulating capaci- [0008] There is also a drawback such that since the 

tor; 11 a light output accumulating capacitor. 40 addition of the photoelectric conversion signals to per- 

[0004] Reference numeral 17 denotes a p-type well; form a TV scan is executed by a peripheral circuit, the 
18a gate oxide film; 19 first layer polysilicon; 20 second operating speed becomes slow. 

layer polysilicon; and 21 an n + floating diffusion region [0009] It is acknowledged that it is known to use a 

(FD). One of the features of the present sensor is that common means of amplification amongst a group of 

the sensor is full CMOS transistor process compatible *s photoelectric converting elements. US-A-5,220,170 dis¬ 
and an MOS transistor of a pixel portion and an MOS closes an image pickup apparatus in which groups of 

transistor of a peripheral circuit can be formed by the four MOS sensors are connected to a common opera- 

same processing step, so that the number of masks and tional amplifier via respective transfer transistor switch- 
the number of processing steps can be remarkably re- es. 
duced as compared with those of a CCD. so 

[0005] An operating method will now be simply ex- SUMMARY OF THE INVENTION 

plained. First, a positive voltage control pulse 0PG is 

applied in order to extend the depletion layer under the [0010] Embodiments of the invention realise a reduc- 

photo gate 2. The FD portion 21 is set by a control pulse tion in size of a CMOS sensor. 

<t>R to the H level and is fixed to a power source V DD in ss [001 1 ] Embodiments of the invention realise an exe- 
order to prevent a blooming during the accumulation. cution of an addition of pixel signals by a pixel unit and, 

When the photons hv are irradiated and carriers occur further, realise a multi-function sensor which can arbi- 

under the photo gate 2, electrons are accumulated in trarily execute an addition and a non-addition. 
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[0012] The present invention is set out in claim 1 and 
is characterised in that a main electrode area of the first 
transfer transistor, arranged on the amplifier side thereof 
and a main electrode area of the second transfer tran¬ 
sistor, arranged on the amplifier side thereof are formed 5 
in common with each other as a floating diffusion, and 
the amplifier is constituted by an amplifier transistor, 
which is arranged to read out change of the signal level 
of the floating diffusion formed in common. 

[0013] With such a construction, since it is sufficient 
that one set of a source-follower MOS transistor ampli¬ 
fier, an MOS transistorfor selecting a horizontal line, and 
an MOS transistor for resetting are provided at a few 
pixel periods of time, the number of devices and the 
number of wirings which are occupied in each pixel can 
be reduced than the conventional ones, so that a fine 
structure can be accomplished. 

[0014] Since the addition and the non-addition of the 
signal charges of two pixels can be easily performed ac¬ 
cording to the timing of operation of the transfer MOS 
transistor, embodiments of the invention can cope with 
various driving methods such as colour difference line 
sequential driving, whole pixel independent output driv¬ 
ing, and the like. 

[0015] In the solid state image pickup apparatus, the 
photoelectric conversion element may comprise an 
MOS transistor gate and a depletion layer under the 
gate. The MOS gate of the photoelectric converting el¬ 
ement may be formed by the same processing steps as 
those of the MOS transistors of the peripheral circuit. 
Alternatively the photoelectric conversion element may 
be a pn junction photodiode. The charges of the plurality 
of photoelectric converting devices can be simultane¬ 
ously or separately transferred to the main electrode 
floating diffusion portion. With such a construction, a va¬ 
riety of image signals can be obtained. 

[0016] Other preferred features of the embodiments 
of the present invention will become apparent from the 
following detailed description and the appended claims 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 is a schematic circuit constructional diagram 
of the first embodiment according to the invention; 

Fig. 2 is a cross sectional view of a pixel in the first 
embodiment according to the invention; 

Fig. 3 is a timing chart (1) in the first embodiment 
according to the invention; 

Fig. 4 is a timing chart (2) in the first embodiment 
according to the invention; 

Fig. 5 is a schematic circuit constructional diagram 
of the second embodiment according to the inven¬ 
tion; 

Fig. 6 is a diagram of an on-chip color filter in the 
second embodiment according to the invention; 


Fig. 7 is a schematic circuit constructional diagram 
of the third embodiment according to the invention; 
Fig. 8 is a schematic circuit constructional diagram 
of the fourth embodiment according to the inven¬ 
tion; 

Fig. 9 is a cross sectional view of a pixel in the fourth 
embodiment according to the invention; 

Fig. 10 is a cross sectional view of a pixel in the fifth 
embodiment according to the invention; and 
Figs. 11A to 11D are schematic circuit construction¬ 
al diagrams of a conventional solid state image 
pickup apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Embodiments of the present invention will now 
be described in detail hereinbelow with reference to the 
drawings. 

[0019] Fig. 1 shows a schematic circuit constructional 
diagram of the first embodiment according to the inven¬ 
tion. In the diagram, although a 2-dimensional area sen¬ 
sor of (2 columns x 4 rows) pixels is shown, actually, 
the sensor is magnified and the number of pixels is in¬ 
creased to (1920 columns x 1080 rows) or the like, 
thereby raising a resolution. 

[0020] In Fig. 1, reference numeral 1 denotes the pho¬ 
toelectric converting unit of a photoelectric converting 
device comprising an MOS transistor gate and a deple¬ 
tion layer under the gate; 2 the photo gate; 3 the transfer 
switch MOS transistor; 4 the MOS transistor for reset¬ 
ting; 5 the source-follower amplifier MOS transistor; 6 
the horizontal selection switch MOS transistor; 7 the 
source-follower load MOS transistor; 8 the dark output 
transfer MOS transistor; 9 the light output transfer MOS 
transistor; 10 the dark output accumulating capacitor 
C TN ; 11 the light output accumulating capacitor C-|- s ; 12 
a horizontal transfer MOS transistor; 13a horizontal out¬ 
put line resetting MOS transistor; 14 a differential output 
amplifier; 15 a horizontal scanning circuit; and 16 a ver¬ 
tical scanning circuit. 

[0021] Fig. 2 shows a cross sectional view of a pixel 
portion. In the diagram, reference numeral 17 denotes 
the p-type well; 18 the gate oxide film; 19 the first layer 
polysilicon; 20 the second layer polysilicon; and 21 the 
n + floating diffusion (FD) portion. The FD portion 21 is 
connected to another photoelectric converting unit 
through another transfer MOS transistor. In the diagram, 
the respective drains of two transfer MOS transistors 3, 
i.e. the main electrode areas on the amplifier side of the 
respective two transistors, and the FD portion 21 are 
commonly constructed, thereby realising a fine structure 
and the improvement of a sensitivity due to a reduction 
of a capacitance of the FD portion 21. 

[0022] The operation will now be described with ref¬ 
erence to a timing chart of Fig. 3. The timing chart relates 
to a case of a whole pixel independent output. 

[0023] First, a control pulse <}>L is set to the high (H) 
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level by a timing output from the vertical scanning circuit 
16 and a vertical output line is reset. Control pulses $R0, 
<(>PGqoO, and <>PGeO are set to the high level, the MOS 
transistor 4 for resetting is turned on, and the first layer 
polysilicon 19 of the photo gate 2 is set to the H level, s 
At time TO, a control pulse <|>S0 is set to the H level, the 
selection switch MOS transistor 6 is turned on, and the 
pixel portions of the first and second lines are selected. 

The control pulse <|>R0 is subsequently set to the low (L) 
level, the resetting of the FD portion 21 is stopped, the 
FD portion 21 is set to the floating state, and a circuit 
between the gate and source of the source-follower am¬ 
plifier MOS transistor 5 is set into a through state. After 
that, at time T1, a control pulse <|>TN is set to the H level, 
thereby allowing a dark voltage of the FD portion 21 to 
be outputted to the accumulating capacitor Cr N 10 by 
the source-follower operation. 

[0024] Subsequently, in order to perform a photoelec¬ 
tric conversion output of the pixels of the first line, a con¬ 
trol pulse ij)TXoO of the first line is set to the H level and 
the transfer switch MOS transistor 3 is made conductive. 
After that, at time T2, the control pulse <J>PGoO is set to 
the L level. In this instance, it is preferable to set to a 
voltage relation such as to raise a potential well extend¬ 
ing under the photo gate 2 and to allow the light gener¬ 
ation carriers to be perfectly transferred to the FD por¬ 
tion 21. Therefore, so long as the complete transfer can 
be performed, the control pulse (f>TX is not limited to a 
pulse but can be also set to a fixed electric potential. 

[0025] At time T2, since the charges from the photo¬ 
electric converting unit 1 of the photodiode are trans¬ 
ferred to the FD portion 21, the electric potential of the 
FD portion 21 changes in accordance with the light. In 
this instance, since the source-follower amplifier MOS 
transistor s is in a floating state, a control pulse (|>T S is 
set to the H level at time T3 and the electric potential of 
the FD portion 21 is outputted to the accumulating ca¬ 
pacitor C TS 11. At this time point, the dark output and 
light output of the pixels of the first line have been ac¬ 
cumulated in the accumulating capacitors Cj N 10 and 
C TS 11, respectively. A control pulse (|>HC at time T4 is 
temporarily set to the H level, the horizontal output line 
resetting MOS transistor 13 is made conductive, and the 
horizontal output line is reset. The dark output and light 
output of the pixels are outputted to the horizontal output 
line in a horizontal transfer period of time by a scanning 
timing signal of the horizontal scanning circuit 15. At this 
time, when a differential output V OUT is obtained by the 
differential output amplifier 14 of the accumulating ca¬ 
pacitors C TN 10 and C TS 11, a signal of a good S/N ratio 
from which random noises and fixed pattern noises of 
the pixels have been eliminated is obtained. Although 
photo charges of pixels 30-12 and 30-22 are respective¬ 
ly accumulated in the accumulating capacitors Cr N 10 
and C TS 11 simultaneously with pixels 30-11 and 30-21, 
upon reading, a timing pulse from the horizontal scan¬ 
ning circuit 15 is delayed by a time corresponding to one 
pixel and the charges are read out to the horizontal out¬ 


put line and are generated from the differential output 
amplifier 14. 

[0026] In the embodiment, although a construction 
such that the differential output V OUT is executed in the 
chip has been shown, a similar effect can be also ob¬ 
tained even if a conventional CDS (Correlated Double 
Sampling) circuit is used in the outside without including 
such a construction into the chip. 

[0027] After the light output was outputted to the ac¬ 
cumulating capacitor Cr S 11, the control pulse 4>R0 is 
set to the H level, the MOS transistor 4 for resetting is 
made conductive, and the FD portion 21 is reset to the 
power source V DD . After completion of the horizontal 
transfer of the first line, the second line is read out. Upon 
reading out the second line, control pulses (|>TXe0 and 
<t>PGe0 are similarly driven, high level pulses are sup¬ 
plied as control pulses <t>TN and <J>TS, photo charges are 
accumulated into the accumulating capacitors Cj N 10 
and C TS 11, and the dark output and light output are tak¬ 
en out, respectively. By the above driving, the reading 
operations of the first and second lines can be independ¬ 
ently executed. After that, a vertical scanning circuit is 
made operative and the reading operations of the 
(2n+1)th, (2n+2)th, ...lines (n = 1,2, ...) are similarly ex¬ 
ecuted, so that the outputs of all of the pixels can be 
independently performed. Namely, in case of n = 1, first, 
a control pulse <(>S1 is set to the H level and a control 
pulse <(>R1 is subsequently set to the L level. After that, 
control pulses <|>TN and 4>TXo1 are set to the H level, a 
control pulse <}>PGo1 is set to the L level, a control pulse 
<!>TS is set to the H level, and the control pulse (|>HC is 
temporarily set to the H level, thereby reading out pixel 
signals of pixels 30-31 and 30-32, respectively. Subse¬ 
quently, control pulses 4>TXe1 and <|>PGe1 are supplied 
and the control pulses are applied in a manner similar 
to those mentioned above, thereby reading out pixel sig¬ 
nals of pixels 30-41 and 30-42, respectively. 

[0028] In the embodiment, since one set of source fol¬ 
lowers are not provided for one pixel but one set of 
source followers are provided for two pixels, the num¬ 
bers of source-follower amplifier MOS transistors 5, se¬ 
lection switch MOS transistors 6, and resetting MOS 
transistors 4 can be reduced into 1/2 of the conventional 
ones. Thus, the numerical aperture of the photoelectric 
converting unit of the pixel is improved. A fine structure 
due to an integration of the pixel can be realized. By 
commonly using the FD portion 21 for two pixels, there 
is no need to increase a capacitance of the gate portion 
of the source-follower amplifier MOS transistor 5, so that 
a deterioration in sensitivity can be prevented. 

[0029] As another feature of the invention, a point 
such that the S/N ratio can be improved by adding the 
signals of two or more pixels in the FD portion 21 can 
be also mentioned. Such a construction can be realized 
by changing only a timing of an applying pulse without 
substantially changing the circuit construction. Fig. 4 
shows a timing chart in case of the addition of the pixel 
signals of two upper and lower pixels. In Fig. 3 showing 
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the non-adding mode, the timings of the control pulses 
(]>TXoO and 4 >TXeO and the timings of the control pulses 
(j)PGoO and <)>PGeO have been respectively shifted by a 
time of one pixel. However, they are the same timing in 
case of the addition. That is, since the pixel signals are 5 
simultaneously read out from the pixels 30-11 and 
30-21, and the control pulse <)>TN is first set to the H level, 
a noise component is read out from the vertical output 
line. The control pulses <]>TXoO and <(>TXeO and the con¬ 
trol pulses (|>PGoO and (JiPGeO are respectively simulta¬ 
neously set to the H and L levels and are transferred to 
the FD portion 21. Thus, the signals of the two upper 
and lower photoelectric converting units 1 can be added 
by the FD portion 21 at the same time. Therefore, if two 
timings by the timing chart in Fig. 3 are prepared, for 
example, a mode for performing a high resolution image 
pickup in a bright state and, for example, in a dark state, 
a mode to execute a high sensitivity image pickup at a 
simultaneous reading timing by the timing chart of Fig. 

4 can be realized by one sensor. 

[0030] Although the above embodiment has been 
shown with respect to the example in which two photo¬ 
electric converting units are connected to the FD portion 
21, a plurality of (for example, 3, 4, or the like) photoe¬ 
lectric converting units can be also connected. With 
such a structure, for example, an apparatus which can 
be applied to a wide field such as solid state image pick¬ 
up apparatus of a high sensitivity, an apparatus of a high 
density, and the like can be provided by short processing 
steps by the CMOS process. 

[0031] In the embodiment, each of the MOS transis¬ 
tors of a pixel portion 30 have been constructed by n 
type and the manufacturing steps have been simplified. 
However, it is also obviously possible to construct by all 
of the PMOS transistors by using an n-type well for a p- 
type substrate or vice versa. 

[0032] Fig. 5 shows a schematic circuit diagram of the 
second embodiment according to the invention. The 
embodiment is characterized by providing a transfer 
switch 22 so that a color difference line sequential driv¬ 
ing can be performed. In the first embodiment, although 
the addition of the first and second lines and the addition 
of the third and fourth lines can be performed, the addi¬ 
tion of the second and third lines cannot be performed. 

In the embodiment, since the transfer switch 22 exists, 
the addition of the second and third lines can be execut¬ 
ed. 

[0033] In case of adding the second and third lines, 
when the first line is read out, the operation advances 
from time TO to time T4 at a timing in Fig. 3 and, after 
that, when reading out the second line, the control puls¬ 
es (|>TXe0 and (jiTXol and the control pulses ())PGe0 and 
<(>PGe1 are simultaneously set to the H level and the low 
level, the control pulse <j>F is also set to the high level 
simultaneously with the control pulse <(>TXe0, and the 
other control pulses are also similarly supplied. The pix¬ 
el signals of the pixels 30-21 and 30-31 are accumulated 
in the accumulating capacitor 11. The noise compo¬ 


nents can be cancelled and the pixel signal output V OUT 
can be obtained. After that, the pixel signals of pixels 
30-22 and 30-32 are accumulated into the accumulating 
capacitor 11 and a pixel signal output V 0 ut can be ob¬ 
tained. Subsequently, by supplying similar control puls¬ 
es with respect to the third and fourth lines and pixel 
signals of pixels 30-31 and 30-41 and pixel signals of 
pixels 30-32 and 30-42 can be sequentially read out. 
[0034] Therefore, if a complementary color mosaic 
type filter as shown in Fig. 6 is formed on the circuit con¬ 
struction chip of Fig. 5, according to the scan of the NT¬ 
SC system, outputs of (C y + M g ) and (Y e + G) as sums 
of, for example, the first and second lines and outputs 
of (C y + G) and (Y e + M g ) as sums of, for example, the 
third and fourth lines can be sequentially obtained in an 
ODD (odd number) field. Even in an EVEN (even 
number) field, outputs of (C y + M g ) and (Y e + G) as sums 
of, for example, the second and third lines and outputs 
of (C y + G) and (Y e + M g ) as sdrns of, for example, the 
third and fourth lines can be sequentially obtained. Two 
carrier chrominance signals of the I axis (orange and 
cyan system) and the Q axis (green and magenta sys¬ 
tem) in the TV scan (NTSC, HD) of the interlace scan 
can be easily formed. 

[0035] In the embodiment as well, it will be also obvi¬ 
ously understood that outputs of all of the pixels can be 
independently performed by changing a supplying tim¬ 
ing of the drive timing. Namely, if a control pulse 4>F is 
always set to the L level, the operation of the transfer 
switch 22 is turned off and the pixel signals can be read 
out every output of each pixel in accordance with a time 
sequence on the basis of the timing shown in Fig. 3. 
[0036] According to the embodiment, therefore, the 
sum signal of the pixels which are deviated by one line 
can be outputted. Not only the apparatus can cope with 
the TV scan but also the pixel signals can be time se¬ 
quentially independently read out every pixel or the sum 
signals of two pixels can be read out. Therefore, a vari¬ 
ety of image pickup operations can be performed in ac¬ 
cordance with the image pickup environment. 

[0037] In the embodiment, in particular, if the color dif¬ 
ference line sequential driving (interlace, color signal 
addition output) system is performed, the memory and 
the external adding circuit which are necessary for the 
first embodiment become unnecessary and the conven¬ 
tional signal processing circuit for a CCD can be used 
as it is. Therefore, it is advantageous in terms of costs 
and an installation. 

[0038] Fig. 7 shows a conceptual circuit diagram of 
the third embodiment according to the invention. The 
embodiment is characterized in that, when the pixel sig¬ 
nals are added, a switch MOS transistor 23 which can 
perform not only the addition in the FD portion by the 
timing shown in Fig. 4 but also the addition in the pho¬ 
toelectric converting unit is provided. 

[0039] In Fig. 7, a timing of each control pulse is sim¬ 
ilar to that in the second embodiment. After the first line 
was read out, even when the second and third lines are 
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subsequently read out, the control pulse 4>F is also set 
to the H level simultaneously with the control pulse 
fTXeO. The charges ot the photoelectric converting unit 

I of the pixel 30-21 and the charges of the photoelectric 
converting unit 1 of the pixel 30-31 are added by making s 
the switch MOS transistor 23 conductive. The added 
charges are transferred to the accumulating capacitor 

II through the source-follower MOS transistor 5 and se¬ 
lection switch MOS transistor 6 by making the transfer 
MOS transistor 3 of the pixel 30-21 conductive. 

[0040] By forming the complementary color mosaic 
type filter shown in Fig. 6, in a manner similar to the sec¬ 
ond embodiment, outputs of (C y + M g ) and (Y e + G) as 
sums of, for example, the first and second lines and out¬ 
puts of (C y + G) and (Y e + M g ) as sums of, for example, 
the third and fourth lines can be sequentially obtained 
in the ODD (odd number) field. Outputs of (C y + M g ) and 
(Y e + G) as sums of, for example, the second and third 
lines and outputs of (C y + G) and (Y e + M g ) as sums of, 
for example, the third and fourth lines can be sequen¬ 
tially obtained in the EVEN (even number) field. 

[0041] Therefore, in the interlace driving, the addition 
is performed in the FD portion in the ODD field and the 
other charges are transferred to the other well and are 
added by the pixel portion in the EVEN field and the add¬ 
ed charges are outputted to the FD portion. The above 
operations can be also obviously reversed in the EVEN 
field and the ODD field. In the embodiment, the TV scan 
can be performed without increasing the capacitance of 
the FD portion. By variably changing the timing of each 
control pulse, a variety of image signals can be also ob¬ 
tained in a manner similar to the second embodiment. 
Further, even in the embodiment, by executing a color 
difference line sequential driving in a manner similar to 
the second embodiment, there is an advantage such 
that the conventional signal processing circuit can be 
used as it is. 

[0042] Fig. 8 shows a conceptual circuit diagram of 
the fourth embodiment according to the invention. The 
embodiment is characterized in that no photo gate is 
used in the photoelectric converting unit but a pn pho¬ 
todiode 24 is used. Fig. 9 shows a cross sectional view 
of a pixel. In the diagram, reference numeral 25 denotes 
an n-type layer having a density such that it can be per¬ 
fectly formed to a depletion layer. Charges generated 
by the control pulse <(>TX are completely transferred to 
the FD portion. In this case of the embodiment as well, 
the addition and non-addition of signals can be executed 
by control pulses $TX even in the fourth embodiment. 
[0043] The operation of Figs. 8 and 9 will be de¬ 
scribed. First, the control pulse 4>R is set to the H level 
and the FD portion 21 is reset to the power source volt- 
age V DD . By setting the control pulse <)>S to the H level 
and the dark output is accumulated in the accumulating 
capacitor 10. Subsequently, the control pulse (|>TXo0 is 
set to the H level and the photo charges accumulated 
in the pn photodiode 24 are transferred to the accumu¬ 
lating capacitor 11 through the source-follower MOS 


transistor 5 and selection switch MOS transistor 6. The 
noise component is cancelled by the differential output 
amplifier 14 and the image signal V OUT is generated. By 
supplying control pulses corresponding to the timing in 
Fig. 4, the charges can be added to two pn photodiodes 
24 and the added charges can be read out. 

[0044] By adding the switch MOS transistor, an image 
output having a high efficiency in the interlace scan can 
be obtained in a manner similar to the second and third 
embodiments. 

[0045] Fig. 10 shows a pixel cross sectional view of 
the fifth embodiment according to the invention. In the 
diagram, reference numeral 26 denotes a surface p + - 
type layer. The fifth embodiment is characterized in that 
the surface p + -type layer 26 constructs the photoelectric 
converting unit together with the n-type layer 25 and a 
pixel is formed by a buried type photodiode. With such 
a structure, a dark current which is generated in the sur¬ 
face can be suppressed. As compared with Fig. 9, since 
high photo charges of a good efficiency can be obtained, 
an image signal of a high S/N ratio and a high quality 
can be obtained. 

[0046] According to the pixel of the structure shown 
in Fig. 10, a similar image output can be obtained by a 
timing of each control pulse which is provided in place 
of the pn photodiode 24 in Fig. 8 and is similar to that in 
the fourth embodiment. 

[0047] According to the invention as described above, 
since a CMOS transistor type sensor in which the 
number of devices is reduced and a high numerical ap¬ 
erture and a fine structure can be obtained can be real¬ 
ized, there are advantages such as high yield due to an 
increase in integration, low costs, miniaturization of a 
package, and miniaturization of the optical system. 
[0048] Since the addition and non-addition of the pixel 
signals can be realized by only a driving method, there 
is also an advantage such that the invention can cope 
with various operating methods including the conven¬ 
tional XY addressing function. 

[0049] Many widely different embodiments of the 
present invention may be constructed without departing 
from the scope of the present invention. It should be un¬ 
derstood that the present invention is not limited to the 
specific embodiments described in the specification, ex¬ 
cept as defined in the appended claims. 


Claims 

1. A solid state image pickup apparatus comprising a 
plurality of units, each unit comprising: 

a plurality of photoelectric conversion elements 
(1;24); 

an amplifier (5) arranged in common among 
said plurality of photoelectric conversion ele¬ 
ments and adapted to amplify and output sig¬ 
nals output from said plurality of photoelectric 
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conversion elements; 

a first transfer transistor (3) adapted to transfer 
to said amplifier a signal produced in a first pho¬ 
toelectric conversion element Included in said 
plurality of photoelectric conversion elements; 
and 

a second transfer transistor (3) adapted to 
transfer to said amplifier a signal produced in a 
second photoelectric conversion element in¬ 
cluded in said plurality of photoelectric conver¬ 
sion elements; wherein 

a main electrode area (21) of said first transfer 
transistor, arranged on the amplifier side there¬ 
of and a main electrode area (21) of said sec¬ 
ond transfer transistor, arranged on the ampli¬ 
fier side thereof are formed in common with 
each other as a floating diffusion, and said am¬ 
plifier is constituted by an amplifier transistor, 
which is arranged to read out change of the sig¬ 
nal level of the floating diffusion (21) formed in 
common. 

2. An apparatus according to claim 1, wherein said 
photoelectric conversion element (1) comprises an 
MOS transistor gate (2:17,18,19) and a depletion 
layer under said gate. 

3. An apparatus according to claim 2, wherein said 
MOS transistor (17-19) gate of said photoelectric 
conversion element is formed by a same processing 
step as that of an MOS transistor (7-9,12,13) of a 
peripheral circuit. 

4. An apparatus according to claim 1, wherein said 
photoelectric conversion element (24) is a pn junc¬ 
tion photodiode. 

5. An apparatus according to claim 1, wherein the 
charges of a plurality of said photoelectric conver¬ 
sion elements can be simultaneously or separately 
transferred to said floating diffusion. 

6 . An apparatus according to claim 1, each unit being 
arranged whereby charges of at least two said pho¬ 
toelectric conversion elements (1 ;24) can be added 
to said floating diffusion. 

7. An apparatus according to claim 1, including a com¬ 
plementary colour mosaic pattern filter and having 
a control circuit whereby upon reading of said pho¬ 
toelectric conversion elements, an image signal 
from a complementary colour mosaic pattern is ob¬ 
tained synchronously with ODD and EVEN fields by 
an interlace scan. 

8 . An apparatus according to claim 1, wherein each of 
said plurality of units includes a respective selection 
transistor (6) arranged in common among said plu¬ 


rality of photoelectric conversion elements (1;24) 
and adapted to select the respective unit to read out 
a signal. 

5 9. An apparatus according to either of claims 1 or 8, 

wherein each of said plurality of units includes a re¬ 
set transistor (4) arranged in common among said 
plurality of photoelectric conversion elements and 
adapted to supply a reset signal to the floating dif- 
io fusion (21), a first driving means (16) having a first 
mode for reading out from said amplifier transistor 
the change of the signal level of the floating diffu¬ 
sion, caused by reset of the floating diffusion, in an 
off-state of said transfer transistor and a second 
is mode for reading out from said amplifier transistor 
the change of the signal level of the floating diffu¬ 
sion, caused by the signal produced in the photoe¬ 
lectric conversion element, in an on-state of said 
transfer transistor, and differential means (14) for 
20 generating the difference between a signal read out 
in the first mode and a signal read out in the second 
mode. 

10. An apparatus according to any one or claims 1, 8 

25 or 9, having second driving means (16) having a first 

mode for adding at the floating diffusion the signal 
produced in the first photoelectric conversion ele¬ 
ment and the signal produced in the second photo¬ 
electric conversion element and reading out the 
30 added signal, and a second mode for reading out 
from said amplifier transistor the signal produced in 
the first photoelectric conversion element and the 
signal produced in the second photoelectric conver¬ 
sion element, independently. 

35 

11. An apparatus according to any one of claims 1 or 8 
to 10, wherein each of said plurality of units is so 
arranged that a signal produced in the photoelectric 
conversion element can be transferred completely 

40 to the floating diffusion. 

12. An apparatus according to claim 1, wherein each of 
said plurality of photoelectric conversion elements 
is a buried type photodiode including a first semi- 

45 conductor area of a first conductivity type and a sec¬ 
ond semiconductor area of a second conductivity 
type, formed in said first semiconductor area, said 
second semiconductor area of each photoelectric 
conversion element being extended to an area un- 
50 der the corresponding transfer transistor. 


Patentanspruche 

55 1 . Halbleiter-Bildaufnahmevorrichtung mit einer Viel- 
zahl von Einheiten, die jeweils umfassen: 

eine Vielzahl von photoelektrischen Wandler- 
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elementen (1; 24), mentares Farbmosaikfilter und eine Steuerschal- 


einen fur die Vielzahl der photoelektrischen 
Wandlerelemente gemeinsam vorgesehenen 
Verstarker (5) zur Verstarkung und Ausgabe 
der Ausgangssignale der Vielzahl von photo- 5 
elektrischen Wandlerelementen, 
einen ersten Ubertragungstransistor (3), der 
zur Ubertragung eines von einem ersten pho¬ 
toelektrischen Wandlerelement der Vielzahl 
von photoelektrischen Wandlerelementen er- to 
zeugten Signals zu dem Verstarker ausgestal- - 
tet ist, und 

einen zweiten Ubertragungstransistor (3), der 
zur Ubertragung eines von einem zweiten pho¬ 
toelektrischen Wandlerelement der Vielzahl 15 
von photoelektrischen Wandlerelementen er- 
zeugten Signals zu dem Verstarker ausgestal- 
tet ist, wobei 

ein Hauptelektrodenbereich (21) des ersten 
Ubertragungstransistors auf dessen Verstar- 20 
kerseite und ein Hauptelektrodenbereich (21) 
des zweiten Ubertragungstransistors auf des¬ 
sen Verstarkerseite gemeinsam als schweben- 
der Diffusionsbereich ausgebildet sind und der 
Verstarker von einem Verstarkertransistor ge- 25 
bildet wird, der zum Auslesen von Anderungen 
des Signalpegels des gemeinsam ausgebilde- 
ten schwebenden Diffusionsbereiches (21) 
ausgestaltet ist. 

30 

2. Vorrichtung nach Anspruch 1, bei der das photo- 
elektrische Wandlerelement (1) einen MOS-Transi- 
storgatebereich (2; 17, 18,19) und eine unter dem 
Gatebereich angeordnete Sperrschicht umfasst. 

35 

3. Vorrichtung nach Anspruch 2, bei der der 
MOS-Transistorgatebereich (17 bis 19) des photo¬ 
elektrischen Wandlerelements im Rahmen des glei- 
chen Herstellungsschritts ausgebildet wird, in dem 

die Ausbildung eines MOS-Transistors (7 bis 9,12, 40 

13) einer peripheren Schaltungsanordnung erfolgt. 

4. Vorrichtung nach Anspruch 1, bei der das photo- 
elektrische Wandlerelement (24) eine Photodiode 

mit einem PN-Obergang ist. 45 

5. Vorrichtung nach Anspruch 1, bei der die Ladungen 

einer Vielzahl der photoelektrischen Wandlerele¬ 
mente gleichzeitig Oder getrennt zu dem schweben¬ 
den Diffusionsbereich ubertragbar sind. so 

6. Vorrichtung nach Anspruch 1, bei der jede Einheit 
derart angeordnet ist, dass die Ladungen von zu- 
mindest zwei photoelektrischen Wandlerelementen 

(1; 24) dem schwebenden Diffusionsbereich zu- 55 
fuhrbar sind. 

7. Vorrichtung nach Anspruch 1, bei der ein komple- 


tung vorgesehen sind, durch die beim Auslesen der 
photoelektrischen Wandlerelemente ein Bildsignal 
von einem komplementaren Farbmosaikmuster 
synchron mit ungeradzahligen und geradzahligen 
Teilbildern durch Zeilensprungabtastung gebildet 
wird. 

8. Vorrichtung nach Anspruch 1, bei der jede der Viel¬ 
zahl von Einheiten einen jeweiiigen Wahltransistor 
(6) aufweist, der der Vielzahl von photoelektrischen 
Wandlerelementen (1; 24) gemeinsam zugeordnet 
und zur Auswahl der jeweiiigen Einheit zum Ausle¬ 
sen eines Signals ausgestaltet ist. 

9. Vorrichtung nach Anspruch 1 und/oder 8, bei der 
jede der Vielzahl von Einheiten einen Ruckstelltran- 
sistor (4), der der Vielzahl von photoelektrischen 
Wandlerelementen gemeinsam zugeordnet und zur 
Zufuhrung eines Ruckstellsignals zu dem schwe¬ 
benden Diffusionsbereich (21) ausgestaltet ist, eine 
erste Ansteuereinrichtung (16) mit einer ersten Be- 
triebsart, bei der die durch eine Ruckstellung des 
schwebenden Diffusionsbereiches hervorgerufene 
Anderung des Signalpegels des schwebenden Dif¬ 
fusionsbereiches aus dem Verstarkertransistor im 
Sperrzustand des Ubertragungstransistors ausge- 
lesen wird, und einer zweiten Betriebsart, bei der 
die von dem in dem photoelektrischen Wandlerele¬ 
ment erzeugten Signal hervorgerufene Anderung 
des Signalpegels des schwebenden Diffusionsbe¬ 
reiches aus dem Verstarkertransistor im leitenden 
Zustand des Obertragungstransistors ausgelesen 
wird, und eine Differenzbildungseinrichtung (14) zur 
Bildung der Differenz zwischen einem in der ersten 
Betriebsart ausgelesenen Signal und einem in der 
zweiten Betriebsart ausgelesenen Signal aufweist. 

10. Vorrichtung nach zumindest einem der Anspruche 
1,8 Oder 9, bei der eine zweite Ansteuereinrichtung 
(16) mit einer ersten Betriebsart, bei der das von 
dem ersten photoelektrischen Wandlerelement er- 
zeugte Signal und das von dem zweiten photoelek¬ 
trischen Wandlerelement erzeugte Signal in dem 
schwebenden Diffusionsbereich addiert und das 
addierte Signal ausgelesen wird, und einer zweiten 
Betriebsart, bei der das von dem ersten photoelek¬ 
trischen Wandlerelement erzeugte Signal und das 
von dem zweiten photoelektrischen Wandlerele¬ 
ment erzeugte Signal unabhangig voneinander aus 
dem Verstarkertransistor ausgelesen werden, vor¬ 
gesehen ist. 

11. Vorrichtung nach zumindest einem der Anspruche 
1 Oder 8 bis 10, bei der jede der Vielzahl von Ein¬ 
heiten derart ausgestaltet ist, dass ein von dem 
photoelektrischen Wandlerelement erzeugtes Si¬ 
gnal vollstandig zu dem schwebenden Diffusions- 
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bereich ubertragbar ist. 3. Dispositif selon la revendication 2, dans lequel la- 

dite grille de transistor MOS (17 a 19) dudit element 
12. Vorrichtung nach Anspruch 1, bei derjedes der Viel- de conversion photoeiectrique est form 6 e par une 

zahl von photoelektrischen Wandlerelementen von etape de traitement identique & celle d'un transistor 


einer eingebettete Schichten aufweisenden Photo¬ 
diode gebildet wird, die einen ersten Halbleiterbe- 
reich eines ersten Leitfahigkeitstyps und einen in 
dem ersten Halbleiterbereich ausgebildeten zwei- 
ten Halbleiterbereich eines zweiten Leitfahigkeits¬ 
typs aufweist, wobei sich der zweite Halbleiterbe¬ 
reich eines jeden photoelektrischen Wandlerele- 
ments bis zu einem Bereich unter dem entspre- 
chenden Ubertragungstransistor erstreckt. 


Revendications 

1. Dispositif de prise d'image & semiconducteurs com- 
prenant une plurality d'unites, chaque unite 
comprenant: 

une plurality d'eiements de conversion photo 6 - 
lectrique (1 ; 24); 

un amplificateur (5) agence en commun parmi 
ladite plurality d'eiements de conversion pho¬ 
toeiectrique, et adapts pour amplifier et deiivrer 
en sortie des signaux deiivres en sortie de la¬ 
dite plurality d'eiements de conversion 
photoeiectrique ; 

un premier transistor de transfert (3) adapte 
pour transferer audit amplificateur un signal 
produit dans un premier element de conversion 
photoeiectrique inclus dans ladite pluralite 
d'eiements de conversion photoeiectrique; et 
un deuxieme transistor de transfert (3) adapte 
pour transferer audit amplificateur un signal 
produit dans un deuxieme element de conver¬ 
sion photoeiectrique Inclus dans ladite pluralite 
d'eiements de conversion photoeiectrique; 
dans lequel 

une zone d'eiectrode principale ( 21 ) dudit pre¬ 
mier transistor de transfert, agenc 6 e du c 6 t 6 
d'amplificateur de celui-ci, et une zone d'eiec¬ 
trode principale ( 21 ) dudit deuxieme transistor 
de transfert, agencee du c 6 te d'amplificateur 
de celui-ci, sont formees en commun I’une avec 
I'autre sous la forme d'une diffusion flottante, et 
ledit amplificateur est constitue par un transis¬ 
tor d'amplificateur, qui est configure de fagon e 
lire un changement du niveau de signal dans la 
diffusion flottante ( 21 ) formee en commun. 

2. Dispositif selon la revendication 1, dans lequel ledit 
element de conversion photoeiectrique ( 1 ) com- 
prend une grille de transistor m 6 tal-oxyde semicon- 
ducteur (MOS) (2 ; 17,18, 19) et une couche d'ap- 
pauvrissement sous ladite grille. 


s MOS (7 k 9, 12, 13) d'un circuit peripherique. 

4. Dispositif selon la revendication 1, dans lequel ledit 
element de conversion photoeiectrique (24) est une 
photodiode k jonction pn. 

10 

5. Dispositif selon la revendication 1, dans lequel les 
charges d'une pluralite desdits elements de conver¬ 
sion photoeiectrique peuvent Stre transferees si- 
multanement ou s 6 par 6 ment k ladite diffusion flot- 

15 tante. 

6 . Dispositif selon la revendication 1, chaque unite 
etant configur 6 e de telle sorte que les charges d'au 
moins deux desdits elements de conversion pho- 

20 to 6 lectrique (1 ; 24) puissent etre ajoutees k ladite 
diffusion flottante. 

7. Dispositif selon la revendication 1, comprenant un 

filtre e motif en mosaique k couleurs.complemen¬ 
ts taires, et comportant un circuit de commande grace 

auquel, lors de la lecture desdits elements de con¬ 
version photoeiectrique, un signal d’image venant 
d'un motif en mosaique k couleurs compiementai- 
res est obtenu en synchronisms avec des demi-tra- 
30 mes IMPAIRES et PAIRES par un balayage entre- 
lace. 

8 . Dispositif selon la revendication 1, dans lequel cha- 
cune de ladite pluralite d'unites comprend un tran- 

35 sistor de selection ( 6 ) respectif agenc 6 en commun 
parmi ladite pluralite d'eiements de conversion pho¬ 
toeiectrique (1 ; 24) et adapte pour selectionner 
I'unite respective pour lire un signal. 

40 9 . Dispositif selon I'une ou I'autre des revendications 
1 et 8 , dans lequel chacune de ladite pluralite d'uni¬ 
tes comprend un transistor de remise a zero (4) 
agence en commun parmi ladite pluralite d'eie¬ 
ments de conversion photoeiectrique et adapte 
45 pour deiivrer un signal de remise a zero a la diffu¬ 
sion flottante ( 21 ), un premier moyen d'attaque (16) 
comportant un premier mode pour lire a partir dudit 
transistor d'amplificateur le changement du niveau 
de signal de la diffusion flottante, provoque par la 
so remise a z 6 ro de la diffusion flottante, dans un 6 tat 
bloque dudit transistor de transfert, et un deuxieme 
mode pour lire a partir dudit transistor d'amplifica¬ 
teur le changement du niveau de signal de la diffu¬ 
sion flottante, provoque par le signal produit dans 
55 reiement de conversion photoeiectrique, dans un 
etat passant dudit transistor de transfert, et des 
moyens differentials (14) pour generer la difference 
entre un signal lu dans le premier mode et un signal 
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lu dans le deuxidme mode. 

10. Dispositif selon I'une quelconque des revendica- 
tions 1,8 et 9, comportant des deuxidmes moyens 
d'attaque (16) comportant un premier mode pour 5 
ajouter k la diffusion flottante le signal produit dans 

le premier dldment de conversion photodlectrique 
et le signal produit dans le deuxidme dldment de 
conversion photodlectrique et lire le signal addition- 
nd, et un deuxidme mode pour lire k partir dudit tran- io 
sistor d'amplificateur le signal produit dans le pre¬ 
mier dldment de conversion photodlectrique et le si¬ 
gnal produit dans le deuxidme dldment de conver¬ 
sion photodlectrique, de fagon inddpendante. 

15 

11. Dispositif selon I’une quelconque des revendica- 
tions 1 oi) 8 ^ 10, dans lequel chacune de ladite 
plurality d'unitds est configurde de telle sorte qu'un 
signal produit dans I'dldment de conversion photod- 
lectrique puisse etre transfdrd compldtement d la 20 
diffusion flottante. 

12. Dispositif selon la revendication 1, dans lequel cha- 
cun de ladite pluralitd d'dldments de conversion 
photodlectrique est une photodiode de type enfoui 25 
comprenant une premidre zone semiconductrice 
d'un premier type de conductivitd et une deuxidme 
zone semiconductrice d'un deuxidme type de con¬ 
ductivitd, formde dans ladite premidre zone semi¬ 
conductrice, ladite deuxidme zone semiconductrice 30 
de chaque dldment de conversion photodlectrique 
dtant dtendue d une zone sous le transistor de 
transfert correspondant. 
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